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(57) Abstract: A testing method and apparatus for ground liquefaction and dy- 
namic characteristics in the original position utilizing a boring hole, wherein the 
dynamic strength and deformation characteristics of a soil layer against a dynamic 
repetitive load, in an optional position in the ground can be obtained by a simple 
method. A measuring cell based on a three-chamber construction is used, and up- 
per and lower soil layers (Jl, J3) with an intermediate soil layer (J2) therebetween 
are alternately subjected to a dynamic repetitive load, and what influence there is 
on the intermediate soil layer (J2) is investigated from the relation between pres- 
sure and displacement. 
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a, 15aS:ii^.T*3t)^Pff^rtlla, 12a, 13a, 14a, 15a(d^5^ttS7K<^7K£ES: 
WWL.XMJ&'rZ±mn, J2, J3, J4, J5^:kUT#S£*c#U *c#Ufc#S£ 

[0057] #i?/^ll, 12, 13, 14, 15fi, 010(A) ^^5^, MZ&Mte&tctfXm 
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±A£tL5*PjMlla, 12a, 13a, 14a, 15a^j^$tl5f#J^^oTV^ 0 

T35ttW-fe/^14, 15^tl.^tL30cmfMS(DSiJ^|2:^^bT^J;V^L, ^PHr 
7^11<^_h^*3j;^T^«lW-fe/^12, 1 3^^^f 1^1 5cmSStL, _L 

[0058] #ir/^ll, 12, 13, 14, 1 5ttSV M^&LT^&pTtifcii^tl/Cl ^cD 
^JfeMt?tt, ir/^#:3lcD43,^^Kii?L31a^^^tL, £©J|3i?L31ate:<M*l 

[0059] Pi9^5#-fe/^f*31, 31<DW^fi?f ^KD@^U^33^^n, 01O(C)^ 

^{^3i<Dmmt<om^^\zm^HitmMvx\f^o ^—M%33nm%mytx 

, ^(D^^^>^#16^il^^6SM?L33a^^j^^tL-rV^ 0 
[0060] =f^|fi;g|J#320rt|^#^g|J32aO±TP?ffi!l®^«x ir/Mc#31<£>#&® 

^^(tfetLfc:lSWt31b^#^-r^^S332b^, ^-/M£33^fW^/cit^ 

m&33c^m&i-&i%&m32cm%tfhnx\<^ 0 

Sfc, _t§|5^f — K-fe/VgP14«_hfP@^34^LT^h^g|516a^^^L, T^P 

[0061] ir/^#:31^«, 010(A), (B), 011(B), (C) fc^f<fc5fc, £-fe/HflSll, 12 
, 13, 14, 15©infE^rt^^ft"Syt«>©M7kSSllb, 12b, 13b, 14b, lSbi:, 
»IJ±^lla, 12a, 13a, 14a, 15artO£E^^W«jE^^t±i^41, 42, 43, 
44, 45JJlJEE^Sr^A*t _ S^:fe©JEE^^AI&41a, 42a, 43a, 44a, 45a^^fc^ 
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TV>S 0 ±§|5@j£lg34lU3u 5o<Dffi^^m^41, 42, 43, 44, 45^, 5o©ifi7K 
j&llb, 12b, 13b, 14b, 15b©tf?— bb^^fhtlX\^ 0 010 (A) tZ&t/VWz. 

^^^41, 42, 43, 44, 45f£te«^Cff #SriHfS -TSyt*©®lft^g^§tL5 0 r 
OjEE^7tftW*41, 42, 43, 44, 45fi, ^tfeT-o^n5/^p n P itT^<rt^ 

[0062] TffcO^/i^^oa>!kl&:fc<fcTJ J JEE;#^^ 

ft_Lfifc£>_Lgp#*- K-fe/HfR14©-fe/w^:^32^tt, 5ocDil7RS§llb, 
12b, 13b, 14b, 15b^ 5o(Dj±^]^ASS41a, 42a, 43a, 44a, 45a#3fS!»t$>;ft, 

©JEE;fc^A&45atf5fa:ttk*VO >5„ 
[0063] iiT^-fe/^^oTM^MTK^fc^t/H^I^A^O^^^, 010 ( 

5o ^—MR33b±.T<D-te/^i$32, 32ffiftb(D®Lfflfe, mWztf— h33d^_hTlfl 

ifefc, #M/]<^J;tj«H^^ASS^O{im^:^^fT5/c^^, — ^i?/Mc#32 
^M^ttfi©^^t: 0 ^33f^^^tl, f&^(Dir/^f*32(DMt-ttfS:©^^ 
tf^33f^UA^i5tV^33g^f£tfb;nrri^ 0 

[0064] ^/c, ^m^^&ii\z£<>xffimtimffi£tiz*ffl±mji<Dmmk<Dft&&&m 

~f&fctb\^ 011(A), (D)^-T«t5^, ^M-fe/UfPlK^^-t-Sijiorai^Tk 
«20«_b|f|5@^4E34^|S:»t^^ ^^ir/^ll^®^#M5c-r^A^H^#31 

K!±^mAa2i^mirbn, &timAn2imi&fci£&mmomsj£timA& 
22\^oxmm^x\^ 0 mt>mAu2i\a&mw<DmA*u±rrtt&\~^ 
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[0065] 012«_b|EaiJ^ffl-fe/H^r$iJW-t-5^J#P#^^— MSr^bTV^So 

>fe^*>, 12, 13, 14, 15COiOJ±^lla, 12a, 13a, 14a, 15a^ 

Tk^il^jAtfSOCO/^V^ 0 ^-— 5/h51, 52, 53, 54, 55^, ^7°^-=. yb51, 52, 5 

3, 54, 55^|gt5^5^c^(Di^J±O^V^< J ^=i^V5/-^#(D^JiM60^, 

-r6»P^^^58<t, #^V^^5/b51, 52, 53, 54, 55 ^Jfc-f 67X^^59 
ma.^^thfc^>t°^—?50t, SrMx-TV^o #^^3.= s*51, 52, 53, 54, 

[0066] mi3fc^^^~yV<Dfc&tW&M7r:LX^Z>o #^X^3-^yh51, 52, 53, 5 

4, 55{i-f^<-r|^| — (Dffijfcf£(DX^ rr-Cfi— 0CD^V^°J-^h51^0V>-rcD^ 

^V7°^^h51^, Sl3(A)^i-«t5^ -^©ni^y^7ii^ 
2^y^72(D^U^n5/K73^jg^tl> #^^71, 72©f U>^n5/K73U: 
^LTS^J»i/y^y^rt^7K^itX^^tL7}c^71a ) 72a^otV^ 0 Hlv-U^ 
^71^7K^71a^l7K^81^MCTay^ffl*/^^i-5azKJf&^^^tl, 

^l7KSS8l(dfi7KSSSrMW-rs^iM^#9l^^nTV^ 0 7K^71a« 

Hl7K^81^^1^-rsm27K^82^bT7K^^59^^^§tL, H2tK^82 

^tt7KS&?rlBlfl-rs^2r?flM#92^^fetiTV^ 0 

ttrnTkm^mmzti, m^^s^K^^mm-r^m^mm^Q^mmh^x 

7K^72a«^37KS§837i^H!J-r5^47K^84^MCT7K^^59^ 

m&ti, m47kffi84iaz7kffi&mm^&M4Mm#94&wttfbtixv^ 0 
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Kx&mu mi-m3&m7m85&m^xmi£m±^imicmm£n%o ^2zkj^s 

mifflfflft9ibm3Mmfr93n&j£M60fabm&£tiz&^iz£<>xmW}£ti 
z>h(Dx\ mmm<DQm,m^, 013(B) ^1-^5^, mi^^mmmmm^96 

Uotlllft^o 02HBK#92tf|4|BK#94l 5 ^fC£E^«toTiBl(l$tLS 

So 

[0068] tfc, ^l^y^71^J:^2^!;^72cDn 5 /KfiiJ(Dv^y^^tt^^71b ) 7 
2b^oT*5t), r»^^71b, 72b(^U>'^ltiffl®^#74*3«t^lii^CiS 

76, m2mn^77^mcx^u&mum^mA^ti^ 0 ^v^mmmmmm^ 

Blv-y^^Pffi^g^, l^y>^71(D^^71b^^AL^2^y^72(D^M 
^72bft©^^8rg|^i-5 0 H2v-y^*PjE^B^ N ^^CJEESrB2^y^©^^, 
^72b^2¥AbBl^y^71cD^^71b^I^^^#M-r5o 
[0069] fcifctf, aiJ^ffi^/H^PJEE^^PJEE-f-S^^fi, M^«tlfflSi8£#74£ 
Hl^y^^PHfiB^^^m^Sir*^, Jfll^/K/»Pfflma#96^->\ H2 
/Vl^ffiJ#pffl«^#96£:r7£U mir?fl^#91^4M^#94?rli#^ H2HBK 
#92^3MK#93§rWC5 0 ^>z7Uy^<D&&mfrbl*MlM%&76&M£, 
-CBl->y^71CD2g^^71b^^J±^#fc^tb> Hl^y^771<Z)7X^71a^ 
jifl^tL^o ^2, fj3M^#92, 93{3fflCTl^5<DT\ Hi v-y^71(D7k^71a 

rt(Z)^tt^ia7K^8l^J;^l-^3^«|^85^MCT^J^fflir^l(Z)JPi±^ 

UlAUtaff^^PffitSo ^CDt^, mjj(Dm2^V^72(D7k'M72an^m& 
®m-rZ>(DX\ ^2-^4^7KS&86*5itJ?m4^7KS§84^aCT7K^^59^> 

[0070] j&vv?, ^y>-^tbfflm^#74^2^y>-^nffite«^!5^5t*^, Hi 
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tL, ^2^U>'^72©7K^72aiSj£3N|$HSo Hi, ^4MEfl#91, 94OTCTl^ 
©U, ^2^!J^7207k^72af'5©7fCtt^37KJJS83*5«fc , C^^l-^3^ac7fclS85 

y^71©7fC^71af^5B}^lt3S*t-S© , T?, H2-|?4^»i&86:feJ;tJ^27R^8 
2^riiCT7j<^^59^^7K^^^|$fLT»fEtX3A^o 

o 

[0071] M^ffl^/^l^Pff^rt©ffi^^^$*6^^«, ^y^»ffl««#74 

0 ^^fiij {-^»u riusffi-fe/n ^njE^ft ^7j<« 5 [ £ti/cfii v-y 71 
mmmm#96&^-7tu mimmmitmAmm^9A^fm, M2mm#92tm3 

TO#93£^C3 0 ^^V^#©^ra6O7)^«02ifi^S§77^ilCT^2^y 
^72©^^72b^^j±^#t^tb, H2^y^72(D7K^72a^j±|f^tL5 
o H2, H3|fBM#92, 93figB^TV^S©-e, ||2^y>^72c7)7k^72artcD7Mi|? 
4M7jC^84*5j;U^^2-^4^jft7Kg&86^iiCT7K^> / ^59^M^n?)o 
[0072] ft^©^lVy^710*^71att^jB|d51£3S-t-50*C, ^1-^3^ 

7KS§8 5*3 «fc Xfm 1 ^7K SS8 1 £il CT^IJ )M i?7V 1 CD JPff ^ ft OtK ^ P# §|£*lT 
7K^71art^i>KttiitPo 

&v^-e, ^y^ii»ffl«»74^i^y>-^pi±{ig^^m^5^*^, Hi 

9l£H4|OT#94<MC, ^2MEB#92^3MK#93SrM<o r^V^^cT)^ 
i±M607)^«Hl^S§76^iiCTHlv-y^71c75^^71b^^Ji^l^ 
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[0073] fi-tf^^^yhiat, ->y^n-/K73cD^hn— ^Sr^ffi-TS^bn— ^-fe^ 

f-75^^Jt^, ^O^bn— ^-fe^75^J;oT-^y^n^K73(D^hn— ^£>, 

tefgl, ^2^y^71, 72<Z)^hn— ^S^PlfU ^2v-y^71 
-7^—Y^y^xnM^lA, 96, 97<Dfflffl#^^Jf&fflffl-f-%> 0 

mmmmm-r^oKm^'r^o mmiEm&m^Wi-r^o\z.m , m^x^\^ 
u mmfemz.mwi-rz&SfcWLMi'Xh^u ^m^mz-xn^ (om^m^ 

74, 96, 97(Dmm^v^^mwi^xmm(Dm^m^mu Dvm.-rzmaz± 
mmmi^, m^m^m^&i^^x^mmm^x^x^tsmm^-r^o 

[0074] WSft^&bVXte, &tt74*-V'W-rZ><D'T*W£<^ *hn— ^Sr^SflfcUT 
[0075] &3b\ ^ffi^^^^ffi^^MSTi-S^^^^^^ux^^^^scD 
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[0076] ^7t N ^v>?mmmmm#74h&mi, f^v-y^^i, 72w^i, f§2ii^s§ 

76, 77^ifc#61#^(D^t9#62^|BM-rSct5^bTt>ctV\ ^Jh#61fi, 

M^7ib, 72b^^Ai-6^ftj(7)^a«fF^u wirz>3ffa(Dmmm&it-r%£. 

2^y^7l, 72^»j»p-1-5j;5teoTV^^ N mi6t^-rj;5^> mi-$&3 

^M^85^mM^mm^v>^63^mmumi, mz^yi/yn, 72^0 

[0077] UT, ^f*W*^#JllI^0^-rSo 

T^J^ffl -fe/H SraK— y >^?Ll 00 F*J<£>£lf ^^teff A1rZ> a 
5(7^nj£^lla, 12a, 13a, 14a, 15a-T^T^=f A^J^g|3#32^^-f §^^p 

Jfcfc, ^Wir/i^li-LgBtf— Kir/^l4*3j;tJ«T^-Kir/^l5^[IICffi 

^V^% ii^»]j±-fe/V^12*5j;^T^ttJii?^|313(7)^PJ±^12a, 13art(D7X 
^S^^UinHU #J±^j^m»l, 42, 43, 44, 4533 £t^g-*V^-;y 
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[0078] _hgp, 13t?0. 1 — lHzffr^W^SEfSrCjfttJagLS&WJE^Sr 

Id, ^R0^/l^ll©M16lW£i3:P12, P13>P11<E>£E;*J#5£U^ P12, P13(7}J£^ 

±sj:uc:i$t^ mmum^czt, ^m^^ii^u^nzmm^ 

ffi6o iiiaotft, PI 2, P13<Pll^oT, 0cp^l|-C^-rJ:5^^^ir/v 

[0079] Ell5{i^l|^©f*^^mSr^bTV^5o -©Rl^ti^lf, 24O50>&fcW?- 

[0080] ±gp*3«fcU5T$B^ k -K'fe/H§fP14, ^(DMtMit^WM, ^—^U tpfWir 

[008 1] 017 «^ W<DmMW3<D$£teM&7F LTV ^ D 



WO 2005/066421 



27 



PCT/JP2004/005970 



7c, 7Kf«^?r^mi-5-fe^365^^, =i^tV-^50^7kfi'|f #£i£f§U * 
ffeSrfcfa&S^tfSTftSo B^MW, 7Kfi^ia-r5-tr^356«J±77^f-T:\ 

7K^^359(Dj£^^gaeb, 7K®0Qi^$^C7c7j<Ji^m-r6J;5^oTV^ 
[0082] £fb^, ^^^h^fe^fflir/Vlt^fc^^ 

(DMtiM\Yftmk b xmm-rzz.t&x%, Wi^b^im(D±m^mtr. mmm^ 

it^x^m<Ti-u^^:xh^^ fji??/ug:<Dh<DXh^\ 

J£j]$]-360-Vl?ktti&tlf£&i$&J£<D7 s — ^(i^ytV- ^50(^£jtU #njEE^I*l<£>JEE 

tikWkir?>z.k\z£V) > m7£m^^iKm^z^zf(DBwm%mi-r^b&x% 

ot&^xfo*i/?359±mz.mwrfz>£ofc\^xb£.\t\ ^(D^yK-tmt, mmm 

u-r^b^x^ ^(Di±.m\3Q2xwi m£tvtcmi±.^(Dj±£iv*-?K^ ^xh 
=n/t°~—?5o\zmmu m%$)±bft}fc~tz>^b\z.£V)^ ^mf-^^mm^m^ 
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mtimmu —n<o— m^m^m.w^m^^xm^^mx-hv, mwm 
mm^^-^^m^^xmwmM\,mm^mm^x.o\-\,xh^\ 

[0083] *^KO^^B<DmmcD^PJ±^^^ci!l^ffl-&/Wft^ l 9^> 

[0084] ^0J^J:n«\iftToih^/^St(9m-rr^^< > J^te«"Ct<aft-c#S©-r?, £ 

mmm&fc&Zo ^ $£m<D^^/unmzftvxmmmxum^mtefcmz 
x*k^-r<tj:z>(Dx\ mmk<D¥\m^mxhz> 0 mmmmn^tmmMm 
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[0085] [01101 (A) IZfrZ&m&MMWUz&Ztf*- U^?L^lJfflU/cMf4«-ec7)Mc7) 

^{L^j;^Kw#'ttf«^g^i!EB§«^^-f-0, mi (b) w±mmm<Dm 
mm^^-rmx^ 

[04104 (a) jbm. (e) w^mm<Dmmm2\z.^^— T^^mm^mtMx 
(Dmrn^mm^^ximmmmm^m^-rmmmx^o 

[05]05«04©^yV^«f^0>!0-efc?)o 
[06] 0 6 fi 0 5 ©d^yVf ©t£^«^0 -e&5o 

[07] 0 7«« ^ ©HJfeM2 (^5^— y ^aSr^JM bfcJ^fig^OMc^^ 

fb^J;tJ ? Iti^j#ttK^B(D«^M^-r^PJ0-t?fe5 o 

[08]08 (A) Jbm. (f) ^^K±Jl^>#W3^SK^cD^*§* ; e-T : V^^-r^7 

[01O]01O{i09(DS'J^ffliryVcD«J^^-f-^(D^\ IU0(A) te£«r®0, 1^0 ( 

b) «_b®0, iwi0 (c) \tmmn<o&ft&xmmm-Qihz> 0 

[011]01l(A)«01OO?|IJ^M-fe7KDIE®0, |W|0(B)«_b§|5^f— K4r/^(Dii 
7KS§^ifffii-bT^L7^»f®0, mm (C) tei^IIJiJEir/^^M^i&^ir®^ 

b-c^-rifffi0, ^10 (d) fi^i#:7KHtiimse»«^^-rif®0-efe6o 

[0 12] 0 1 2 P>! <£>f*$^e<£>8fc&HI X fe6 0 

[0 13] 0 1 3^0 1 2(Dnwtmw(v^>y°^yh(D m&mj8.m-v$>%o 
[0 14] 0 i4tti» Kjm^mwznzffimwm&m^ i^-r mx$b%> 0 

[0i5]0i5«^,^^-r^7^-e^5 o 

[0 16] 0 1 6 «0 1 3(D\m$&m!&<Dmi&m$:^-rmxh% 0 
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m 17] m 1 7 m (Dmmim^mm^m^mmcDmmt^^m mm^m^ 

[0086] 201 ^yV^OIJ^ffilr^h 202 7K^^(M*^>^h 203 7k(M£h 
204 ffi^^gp, 205 j£^lJ#P#, 206 jS^«\ 
207 nyta-^, 

209M^3§£^ff, 210 «^i±i^ 

211 ^Ay®f#a^^^e> 212 ^^msis 
ioo tff— y>-^?L 

110 dtj^/^f 

111, 112, 113 111, H2, Jg3^ 

121, 122, 123 Hi, H2, H3J±^MS^ 

114 ##gR, us =?Mm, n6 

120A #*7j?>"<, 120B jfXfl'? 

121C, 123C 7k!±^V>^ 

121D, 123D ✓VK/ 

121E, 123E /Wzf 

122C 7R^^122C, 122D J£^»P# 

Jl _LI£±J!,J2 *W±^J3 TJ£±Jf 

150 tm^m\ 
ioo d?— 

I $JSffli?/V 

II tpM-fc/i^ 

12 ii^Kj^li?/^ 

13 y^mm^^m 

14 ±§P^f— Fir/VgC 

15 TgB;#~ K-fe/v-SP 

11a #RJM, 11a *PjM 12a #PJM N 13a #PJM, 14a MRM, 15a ^}PH 
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Jl, J2, J3, J4, J5 ±Jf 

31 ^z/Vif-iif 

32 dt&fcWkWtf 

33 "y—MR 

32a F*3|rJ#3S$|5 
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#tt££n£ft^:lU^fBtt©^-y>^a^ 

[7] ?iij^ffli?/w^-y^?L©a?Eti;^^ 
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[s] j±jjmmm£fe, ^mm^mxx±r(Dma^mm^mM^)±^^m^ * 

Mo 

-r&±m Km±Lvxffim$:MM-rz>m!&x\ 

^fc^-y^^^JMLfd^fimw^ 
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[16] ^1?/M£{*»P^a^A>|£J^ 
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